Background: Vertically transmitted group B Streptococcus (GBS) causes fetal and neonatal infections. However, there is limited information on the vertical transmission of GBS in lowincome countries. This study, therefore, aimed to determine the rate of vertical transmission of GBS and associated factors among pregnant women in Eastern Ethiopia. Subjects and methods: A cross-sectional, facility-based study was conducted among pregnant women in Harar town, Eastern Ethiopia, from June to October, 2016. GBS positivity of pregnant women was confirmed by culture of rectovaginal swab. Vertical transmission at birth was confirmed by culture on swabs taken from the ear canal, umbilicus, axilla, groin, and nose within 6 hours after birth. Prevalence ratio (PR) along with 95% CI was estimated to examine factors associated with vertical transmission using log binomial regression analysis. Results: Out of 231 GBS-colonized pregnant women at delivery, 104 births were identified as GBS colonized with a vertical transmission rate of 45.02% and 95% CI: 38.49, 51.68. Of 104 vertical transmission cases, 65 (62.50%) received no intrapartum antibiotic prophylaxis (IAP), 28 (26.92%) received it <4 hours before delivery, and 11 (10.58%) received it ≥4 hours before delivery. Pre-labor rupture of membranes at term (PR: 1.93; 95% CI: 1.04, 3.57), prolonged rupture of the membrane ≥18 hours (PR: 1.76; 95% CI: 1.13, 2.74), intrapartum maternal fever (PR: 1.40; 95% CI: 1.13, 1.75), and IAP received ≥4 hours (PR: 0.17; 95% CI: 0.09, 0.30) were significantly associated with vertical transmission of GBS.
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Introduction
Group B Streptococcus (GBS) is a gram-positive bacterium. 1 It causes invasive newborn and fetal infection. Early-onset neonatal disease (EOND) occurs in the first week of life (0-6 days), mostly associated with sepsis. 2 Vertical transmission of GBS can occur during pregnancy or the birth process from genitourinary or gastrointestinal tract of colonized pregnant women. 3 GBS colonizing the rectum and vagina of pregnant women ascend and cause chorioamnionitis, leading to fetal and neonatal colonization.
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Neonates with early onset of GBS disease are more likely to have respiratory distress disease and convulsions and require longer hospital stays. 7 Case fatality is highest in EOND when it occurs within 24 hours of birth. 4 Survivors suffer from uncontrolled seizures, impaired psychomotor development, profound mental retardation, blindness, and deafness. 8 Worldwide, vertical transmission of GBS shows considerable variation within and between geographic regions, ranging from 11.2% to 57.7%. 9, 10 The identified risk factors for vertical transmission were maternal fever during labor, prolonged rupture of the membrane (PROM), preterm delivery, chorioamnionitis, maternal GBS sepsis, and intrapartum antibiotic prophylaxis (IAP). 11, 12 IAP for women colonized with GBS can significantly decrease vertical transmission. 13 IAP can also significantly reduce the rates of EOD and case fatality rate. 6, 14 The effectiveness of IAP was high if IAP was administered at least 4 hours before delivery. Early recognition and prompt treatment are crucial in preventing rapid invasive GBS disease progression. 15 Countries that introduced prevention strategies including universal routine antenatal GBS screening, identification of risk factors, and offering antibiotic prophylaxis at delivery were able to significantly reduce the disease. 16, 17 However, most of the sub-Saharan African countries do not have clear guidelines for prevention, despite the high rate of vertical transmission. 10, 18, 19 This could be due to lack of information on the vertical transmission of GBS. Thus, this study aimed to investigate the magnitude of vertical transmission of GBS among colonized women at birth and factors that are associated with vertical transmission.
Subjects and methods
Study setting
The study was conducted in three selected health facilities in Harar town, Eastern Ethiopia. Harar town is located in Harari Regional State, which is one of the nine regional states of Ethiopia. The town is located 510 km away from Addis Ababa, the capital city of Ethiopia. The total population of the town is about 101,934. In the town, there are six hospitals (four government and two private hospitals) and four health centers providing delivery services. For this study, Hiwot Fana Specialized Haramaya University Hospital, Jugal Hospital, and Arategna Health Centers were selected because they had the largest client load in their delivery services. 20 
Study design and period
Health facility-based cross-sectional study was conducted between June and October 2016. The study participants were pregnant women admitted to labor and delivery room at the selected health facilities for delivery. A total of 1,688 pregnant women in active labor were examined for rectovaginal GBS colonization. In this study, sample size was determined with the assumption of 95% CI to be used, power of the study as 80%, control to case ratio of 2:1, percent of control (newborn not colonized) exposed (fever) as 2%, and percent of case (newborn colonized) exposed as 26%. 11 Accordingly, a sample size of 81 mother-newborn pairs was calculated. However, during assessment of GBS colonization, which was designed for a different study, the total number of colonized pregnant women was found to be 231 (127 non-colonized newborn and 104 colonized newborn). To address other exposure variables and increase the power of the study, we included all the colonized mothers who were identified beyond the minimum requirement in the final analysis. Women who took antibiotics in the last 2 weeks during their pregnancy prior to specimen collection, pregnant women with antepartum hemorrhage, those women who were physically or mentally incapable of responding, and women with multiple pregnancies were excluded from the study. 9 
Data collection
Data were collected through interviewer-administered questionnaire, checklist for medical record, and laboratory test results. The questionnaire and checklist were adapted from the Ethiopian Demographic and Health Survey and the World Health Organization indicators of health status of mother during labor, delivery, and of immediate newborn. 21, 22 The questionnaire was initially prepared in English and then translated into the local languages Afaan Oromo and Amharic by language experts, and back into English to check its consistency.
Six days of training was given to data collectors, and their supervisors. For laboratory work, two medical microbiologists (to read, confirm, and interpret the test results) and three medical laboratory technologists (who assisted in media preparation and sterilization processes) were involved. A research manual was prepared for use during training, data collection, and data management.
Vertical transmission was the dependent variable in this study and understood as follows: it was confirmed when GBS was identified from both live born and stillbirths by swab culture from the ear canal, umbilicus, axilla, groin, or nose without signs or symptoms of infection within 6 hours of delivery from colonized women. 4, 9 Positive GBS was labeled as "yes" and negative GBS as "no" with a code of 1 and 0, respectively. Age, educational status, fever in 
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Vertical transmission of GBS in pregnant women current pregnancy, rupture of the membrane, gestational age, stillbirth, and intrapartum antibiotic administration were independent variables in this study.
Age of the mother was recorded based on maternal response later and was grouped as 15-25 and 26-46 with codes 0 and 1, respectively, for analysis. Maternal education was grouped as "illiterate" for those who could not read and write and "literate" for all others, and was coded as 1 and 0, respectively.
Data on rupture of membranes were obtained from medical records. PROM that took ≥18 hours for delivery of the fetus, preterm premature rupture of membranes, and pre-labor rupture of membranes at term (term PROM) were labeled as "yes" and "no" later for analysis with codes 1 and 0, respectively. For the purpose of this study, a temperature of ≥37.5°C was considered as maternal fever at admission and was obtained from the medical records during labor, and was labeled as "yes" and "no" with codes 1 and 0, respectively. Data on stillbirths were obtained from medical records. Stillbirth was labeled as "yes" and "no" and coded with 1 and 0, respectively.
The current vertical transmission prevention guidelines recommend administration of IAP 4 or more hours before delivery. According to the revised Centers for Disease Control and Prevention guidelines for the prevention of neonatal GBS disease, all pregnant women should be screened at 35±37 weeks of gestation for vaginal and rectal GBS colonization. IAP administration, at the time of labor or rupture of membranes, should be performed in several cases as follows: known maternal GBS colonization, preterm labor, preterm premature rupture of membranes, PROM exceeding 18 hours, infant with prior GBS disease, maternal intrapartum fever (≥38°C), and women positive for GBS isolated from the urine at any time. 23 Penicillin G is the preferred and recommended IAP agent that is given at 5 MU intravenously (IV), then 2.5 MU IV every 4 hours; ampicillin administered at 2 g IV, then 1 g every 4 hours until delivery is the other choice. Beta-lactam allergic patients receive erythromycin or clindamycin IV in an equivalent dosage. Women with reported beta-lactam allergy, but at low risk for anaphylaxis, should receive cefazolin 2 g IV, then 1 g every 8 hours, while those at high risk of anaphylaxis (prior history of anaphylaxis, angioedema, respiratory distress, or urticaria following administration of a penicillin or cephalosporin) should receive clindamycin 900 mg IV every 8 hours (if the GBS is susceptible) or vancomycin 1 g IV every 12 hours. 23 Pregnant women who received IAP <4 hours before delivery were grouped as inadequate. 15 Data for IAP administration were also taken from the medical record and labeled as "yes" and "no" and coded with 1 and 0, respectively. Duration of IAP from the first time of administration to delivery was taken from the medical record and then estimated for ≥4 and <4 hours. Later, for the regression analysis, women who had not received and received inadequate IAP were grouped as "no and inadequate" and recorded as "0" and those who received adequate IAP were recorded as "1". For specimen collection, transportation, and processing, we followed the Centers for Disease Control and Prevention recommendations and the Standard Operating Procedures previously described elsewhere. 23, 24 In brief, within 6 hours after delivery, swab specimens were collected by the trained midwifery nurse at least from two sites (the ear canal, umbilicus, axilla, groin, or nose) of the stillborn and alive neonate using sterile cotton applicators. Soon after collection, the specimens were placed in sterile screw-capped test tubes containing Amie's transporting media with charcoal (Copan Diagnostics, Inc., New York, NY, USA) to sustain the viability of bacteria and transported to the Microbiology Laboratory of the Department of Medical Laboratory Sciences, College of Health and Medical Sciences, Haramaya University within 4 hours of collection in cold chain (+4°C). Subsequently, the specimens were inoculated in Todd-Hewitt broth (Oxoid, Hampshire, UK), an enrichment broth for GBS, supplemented with gentamycin (8 mg/mL) and nalidixic acid (15 mg/mL; Biomerieux, France) to prevent the overgrowth of commensals, normal flora, and contaminants. The broth cultures were incubated aerobically at 35°C-37°C. After overnight incubation, the specimen was aseptically subcultured onto 5% sheep blood agar plates (Oxoid) and incubated at 35°C-37°C in an anaerobic condition. The cultures were examined by microbiologists on the following day, and all negative plates were reincubated additionally for 18-24 hours and inspected again. Suspected isolates of GBS were identified by a combination of colony morphology, gram staining, and biochemical tests such as sodium hippurate hydrolysis (Oxoid), catalase test (Oxoid), and Christie-Atkins-MunchPetersen (Oxoid) reaction test. Finally, all β-hemolytic, Gram-positive cocci, hippurate hydrolysis-positive, catalasenegative, and Christie-Atkins-Munch-Petersen test-positive isolates were reported as GBS.
Statistical analysis
The data were double entered and cleaned using Epi-Data Version 3.1 and analyzed using STATA version 13. Log binomial regression model was used to assess the association between independent variables and the outcome variable 
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Yadeta et al (vertical transmission). Log binomial regression directly estimates the prevalence ratio (PR) in binary and common outcome variables. The log binomial estimate is found to be the ''best'' estimate since it maximizes the correct binomial likelihood. 25 Possible interactions between covariates were tested. The explanatory variables were tested for multicollinearity before entering them into the multivariable model using the variance inflation factor test, the tolerance test, and values of the standard error. No multicollinearity problem was found. Correlation matrix and covariate matrix were tested for the final model. Log likelihood ratio test, and Akaike's information criterion and Bayesian information criterion were used to select the final model. The Hosmer-Lemeshow goodness-of-fit tests were used to test for model fitness. 26 Crude PRs with 95% CIs were estimated to assess the association between each independent variable and the outcome variable, and a p value was determined. Variables with p value ≤0.2 in the bivariate analysis were considered in the multivariable analysis by assuming that the outcome varies according to risk factors, along with maternal age and wellknown predictors of vertical transmission, regardless of the cut-off point for p value. Adjusted PR (APR) along with 95% CIs were estimated to assess the strength of the association, and a p value <0.05 was used to declare the level of statistical significance in the multivariable analysis.
Ethical considerations
The study was reviewed and approved by the Institutional Health Research Ethics Review Committee of the Colleges of Health and Medical Sciences, Haramaya University. Written consent was obtained from each woman before commencement of data collection. Illiterate mothers gave their consent by their thumbprint, which is approved by the ethics review committee. Participants under the age of 18 provided their assent in addition to written or thumbprint consent of their parent or legal guardian. To maintain confidentiality, interviews and specimen collection were conducted in a separate room and all information obtained in this study was handled with anonymity. Colonized women were provided antibiotic prophylaxis, and neonates with health problems were treated and immediate referral was also facilitated.
Results
A total of 1,688 pregnant women were screened for rectovaginal GBS colonization at labor and delivery room. Of these, 231 (13.68%) pregnant women were culture positive for GBS. In this study, these 231 GBS-colonized pregnant women were used to identify vertical transmission and its associated factors. The mean (±SD) age of women was 25.31 (±6.70) years. More than half of the mothers (128 [55.41%]) had no formal education, 108 (46.75%) of them were from rural areas, and in 50 (21.65%), the parity was five and above. Proportion of vertical transmission at delivery was 104/231 (45.02%; 95% CI: 38.49, 51.68). The proportions of vertical transmission at birth from a total of stillbirths and live births were 31/59 (52.54%) and 73/172 (42.44%), respectively. The mean (±SD) gestational age and the mean (±SD) birth weight of the newborn were 37.89 weeks (±2.21) and 3,022.14 g (±581.69), respectively. Among 231 newborns, 30 (12.99%) were born preterm (<37 weeks of gestation). Of these 104 colonized births, 39 (37.50%) had been exposed to IAP and 65 (62.50%) had no exposure to IAP. Of the 39 IAP exposed, 28 (71.80%) were exposed <4 hours and 11 (28.20%) were exposed ≥ 4 hours. Of all newborns, those exposed to IAP ≥4 hours were not colonized. However, all newborns who were exposed to IAP <4 hours were colonized ( Table 1) .
Predictors of vertical transmission
In univariable regression analysis, the following variables were associated with vertical transmission: term PROM, PROM ≥18 hours, birth from mothers who were febrile during labor and delivery, and birth from mothers who received adequate IAP (Table 2) .
To estimate the relative contribution of each factor to vertical transmission of GBS, APR was derived from log binomial regression models. Term PROM (APR: 1.93; 95% CI: 1.04, 3.57), PROM (APR: 1.76; 95% CI: 1.13, 2.74), and intrapartum maternal fever (APR: 1.40; 95% CI: 1.13, 1.75) were significantly associated with vertical transmission. Adequate IAP received (≥4 hours) by mothers compared to not receiving or receiving inadequate IAP (<4 hours) decreases the PR of vertical transmission by 83% (APR: 0.17; 95% CI: 0.09, 0.30), as shown in Table 2 .
Discussion
In this study, vertical transmission of GBS from colonized mothers at birth was 45.02%. Factors that were significantly associated with vertical transmission were term PROM, PROM ≥18 hours before delivery, mothers having fever during labor, and mothers having received adequate IAP.
The vertical transmission rate reported in this study was consistent with those reported in studies from other lowincome countries. 4, 10, 18 However, it was clearly higher than those reported from high-income countries where a guideline for GBS prevention is commonly available. 9, 11 These discrepancies might also be due to variations in demographic 
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Vertical transmission of GBS in pregnant women characteristics, geographic location, and service availability. 4 High rate of vertical transmission contributes to high neonatal and maternal morbidity and mortality due to GBS. Vertical transmission of GBS is preventable; health care providers and policymakers need to consider this in their maternal and neonatal mortality reduction strategies. 5 Term PROM was also reported to have increased the risk of vertical transmission. 12 GBS infection of the choriodecidua induces dysfunction of the cytokeratin network in amniotic epithelium, resulting in membrane weakening which causes early rupture of the membrane. 27 Rupture of the membrane leaves the fetus and the amniotic fluid, which is a good medium for bacterial proliferation, unprotected and thus increases the risk of infection.
PROM (≥18 hours) was also reported to have increased the risk of vertical transmission in GBS-colonized women. 28 Prolonged exposure of fetus to maternal bacterial flora without any protective membrane barrier enhances the transmission, which can result in colonization of the fetus in the uterus in the absence of timely preventive measures. 29 Women with both microbial invasion of the amniotic cavity and acute histologic chorioamnionitis had the highest intra-amniotic inflammatory response, which was mediated by interleukin-6 concentrations. Fever is one of inflammatory response manifestations and increases the risk of neonatal colonization. 11, 12, 30 During the delivery process, once the fetus is colonized by GBS, it is highly likely to develop pneumonia and/or sepsis. 31 GBS can be isolated from cord blood and lung aspirates, and the GBS bacterial pigment/lipid toxin causes hemolysis or pyroptosis that exacerbates fetal damage and increases the risk of fetal loss. 32 In this study, we found that mothers who received adequate IAP were significantly associated with decreased risk of vertical transmission, which is consistent with the findings of studies conducted elsewhere. 33 IAP helps to prevent vertical transmission of GBS by reducing the bacterial load of rectum and vagina and, thus, preventing GBS from ascending and proliferating in the fetus and amniotic fluid compartment. 34 In countries where there is low utilization of maternal care and in countries with resource-poor settings, feasibility of adequate IAP is challenging. 19 Antisepsis at delivery has been revealed to be ineffective. 35 However, maternal vaccination may provide a feasible strategy to reduce GBS disease in countries where there is low utilization of maternal care and in countries with resource-poor settings. 36 In this study, all newborns exposed to IAP ≥4 hours were found to be not colonized. However, all newborns exposed to IAP <4 hours were colonized. Sufficient antibiotic levels in the fetal bloodstream are required to prevent fetal and neonatal infection during labor. Four hours of IAP was needed to reduce the number of women with positive GBS cultures. 15 GBS vaginal colony counts decreased by 5-fold 
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Yadeta et al within 2 hours of administering IV penicillin G and by 50-fold within 4 hours. 34 Delay in administering IAP due to factors such as late presentation to the labor ward, precipitous delivery, or misidentification of risk factors can result in inadequate IAP cover. 19 In Ethiopia, 34.3% of neonatal mortality is due to infections. 37 The proportion of GBS-related neonatal death has not been investigated. High proportion (72%) of women give birth at home. 21 Maternal knowledge on the risk factors is low. 38 Furthermore, there are no clear guidelines for prevention of specific GBS vertical transmission. The results of this study throw light on the current initiatives that are focused on improving maternal and newborn health care delivery system, the magnitude of the problem, and call for the necessary actions to be taken in order to strengthen efforts to reduce neonatal mortality.
To our knowledge, this is the first study to present vertical transmission of GBS. We used a questionnaire that was adapted from the World Health Organization and the Ethiopian Demographic and Health Survey pregnancy and pregnancy outcome indicators. Data collectors were thoroughly trained. Specimen collection and interviews were conducted in private places to ensure privacy. Although some studies collected swabs from only the vagina to identify GBS-colonized mothers, we have collected from both rectum and vagina, which increases the detection rate. 11, 39 Moreover, some studies collected swabs from a single anatomic site of newborn to identify vertical transmission, whereas we collected from the ear canal, umbilical area, axilla, groin, or nose to identify vertical transmission. 9 To preserve better viability and stability of GBS, specimens were transported to the laboratory, inoculated into broth media, and incubated within 4 hours of specimen collection. The log 
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Vertical transmission of GBS in pregnant women binomial that estimates PR in cross-sectional studies and a common (>10%) binary outcome variable is more appropriate than logistic regression that estimates odds ratio, as odds ratio commonly overestimates PR in binary outcome variables. However, ORs were more frequently reported than PRs.
11
This study was not without limitations. Interviewer and recorder bias might have occurred during the interviews and recording. However, supervisor and principal investigators rechecked for the completeness of data before the mother and newborn were discharged and their card was returned back to the main record office. Measurement and diagnostic bias might also have occurred during measurement and diagnoses; however, two professionals were involved in measuring and reading the results. Moreover, in case of disagreement, investigators were also involved in the decision. Serotyping and molecular tests were not done for identified strains from mother-newborn pairs to further characterize the accordance (same or similar) of GBS by serotype and gene. As the study was done in health facilities, the findings may not able to be generalized to the entire community.
In conclusion, in this study, the prevalence of vertical transmission of GBS was found to be high. However, the number of pregnant women who received adequate IAP was very low. Initiating and strengthening GBS screening and introducing timely IAP are necessary. Furthermore, maternal vaccination may provide a feasible strategy to reduce vertical transmission.
